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Abstract 
This paper analyzed the process of the LCD and the industrial structure in the typical countries to reveal the Causality 
Relationship between LCD and Industrial Structure. First, most of the developed countries industry have experienced 
the high-carbon period. When the economy evolved to a certain extent, the base level of the LCD increased. And In 
developing countries, especially in China, the tertiary industry shared a much smaller part in the whole economy 
system comparing with that of the developed countries. Then, Based on the output of regression analysis, the 
appreciable correlation between the LCD and the industrial structure was found. Finally, the results of Granger 
causality tests lead to the conclusion that the tertiary industry of China is the Granger cause of the LCD within 98 
percent confidence intervals. It suggests that the industry structure should be adjusted before the LCD, especially the 
development of tertiary industry. 
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1. Introduction 
The phenomenon of climate warming over the past hundred years has been accepted by the world 
science community as well as by IPCC [1]. Low-carbon development (LCD) is based on low energy 
consumption, low pollution, low-emission-based economic model, following the agricultural civilization of 
human society, industrial civilization after another major step forward. Based on the faced problem, all 
over the world are looking for effective pathway to achieve the goals. LCD is an economic issue which has 
a minimal output of greenhouse gas (GHG) emissions, but specifically refers to the GHG carbon dioxide. 
Recently, most of scientific and public opinion has come to the conclusion there is such an accumulation of 
GHGs in the atmosphere due to anthropogenic causes, which cause the climate changing. The study of 
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low-carbon is being highly emphasized by many countries against the background of global warming, 
especially the developed countries, such as European Union, the USA, Japanese, etc. The low-carbon 
economy practice in these countries has been in the leading position around the world. China is bringing 
the industrial structure upgrading into low carbon economy strategy consciously. China is discovering a 
better way by analyzing the experiences of the developed countries and combining the actual conditions in 
China. A lot of research reports have shown there is a relationship between LCD and industrial. It is 
impelled us to consider that whether the causality relationship existed between LCD and industrial 
structure, if there is, which  shows impact on another. 
2. Reviews 
It is under the international and domestic back grounds that LCD has become a trend. As the level of 
the industrial structure of each country is unbalanced, the attention degrees and views are different among 
the researchers from different countries. 
Pun-Lee Lam (1997) thought there have been clear trends in the energy industry. And one important 
lesson to be learned from the U.S. and U.K. experiences is that structural reforms are pertinent to 
promoting competition in the energy industry [2]. Ball, P. D. (2009) explored attempting to design a zero 
carbon manufacturing facility. He proposed that the application of flow model in industrial applications is 
demonstrated to select appropriate technologies and configure them in an integrated way [3]. Peter N. King 
(2009) provided a analysis of the theoretical basis of the theoretical basis of a Low-Carbon Development 
Path (LCDP), and suggested that a LCDP is technologically feasible and affordable, countries in Asia-
Pacific, both developed and developing, can do more to make a LCDP a reality [4]. Todd M. J. & Claudio 
A. (2009) sought to identify and evaluate low-cost options for reducing GHG emissions that Mexico can 
implement in the short to medium term. Comparatively speaking, many Chinese scholars give their 
opinions that CO2 emissions reduction must re-adjust and optimize the industrial structure [5]. Liang ping 
(2009) pointed an efficient path that low-carbon development would advance upgrading of an industrial 
structure based on analyzing low-carbon economy totally [6]. Jiang Kejun (2010) thought that 
Technologies are the key component to reach a low carbon future [7]. Henriques M. (2010) discussed the 
potential for reducing carbon dioxide emissions from energy use by the Brazilian industrial sector in a low-
carbon scenario over a horizon until 2030 [8]. Morrison G (2009) focused on the initiatives undertaken by 
China, the U.S. and South Korea in appropriating public funds for the development of clean energy and 
greenhouse gas (GHG) reduction [9]. 
3. The process of LCD and industrial structure in typical countries 
The substance of LCD is that the CO2 emissions reduce for cutting down the harm to the environment 
while economy maintains rapider growth. As economy development could affect CO2 emissions directly 
or indirectly, in order to eliminate the influence, the indicator of LCD is carbon emission intensity. The 
lower the values of emission intensity, the closer to LCD. Along with the change of emissions intensity, 
industrial structure adjusts to upgrade constantly also. The indicator of industrial structure is the proportion 
of industrial output of GDP to represent the variable of industrial structure, which includes the primary 
industry (I1), second industry (I2) and tertiary industry (I3). According to the figure below (seen in 
fig1~fig6, Data source: http://www.wri.org/publications/data-sets, China statistical yearbook, international 
statistical yearbook), the trend of emission intensity was low-high-low, and industrial structure was 
upgrading from primary industry to second industry then to tertiary industry.  
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Figure 1The process of LCD and industrial structure in USA 
Figure 2 The process of LCD and industrial structure in UK 
Figure 3 The process of LCD and industrial structure in Germany 
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Figure 4 The process of LCD and industrial structure in Japan 
Figure 5 The process of LCD and industrial structure in Korea 
Figure 6 The process of LCD and industrial structure in China 
Developed countries experienced high-carbon industry basically. When the economy has matured to 
some extent, the basis of LCD has raised. In developing countries, tertiary industry lags seriously relatively, 
especially in China. 
LCD is inevitable choice when the industrial is restructuring. On the surface, LCD and industrial 
structure has its own reason and follows the different directions, but in essence, there must be a causal 
relationship between them. 
4. Analysis of Granger causality test results 
4.1 Variables and data sources 
Industrial structure is the inter-combination relations among various industrial of national economy. 
The proportion of industrial output of GDP represents the variable of industrial structure. In order to 
inspect solely the influence of industrial restructuring to low-carbon development, the variable of low-
carbon development uses LCD. We use abbreviation to represent variables in the model. So I1 is primary 
industry, I2 Is second industry and I3 is tertiary industry. LCD refers to low-carbon development. 
Data sources include WRI data sets, China statistical yearbook, international statistical yearbook, time 
span is 1970~2006. 
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4.2 Regression model analysis 
The data is from some representative countries such as USA, UK, Germany, Japan, Korea and China. 
Research on influence of industrial structure adjustment to low-carbon development could choose panel 
data model. The basic framework for the discussion is a regression model of the form: 
( ) itiitititit zGIGIGI εδβββ ++++= )/()/()/(LCD 332211
37,36,,......2,1;6,...,3,2,1 == ti                                                                                                (1) 
Based on the characteristic of variable, we use Pooled regression. That is iz  contains only a constant 
term, then ordinary least squares provides consistent and efficient estimates of the commonδ and the slope 
vector 321 βββ ，， . Using eviews 6.0, the output is as follows (as shown in table 1.). 
Table 1 Table Type Styles 
Dependent Variable: LCD 
Method: Pooled EGLS (Cross-section SUR) 
Sample: 1970~ 2006 
Included observations: 37 
Cross-sections included: 6 
Total pool (balanced) observations: 222 
Linear estimation after one-step weighting matrix 
Variable Coefficient Std. Error t-Statistic Prob. 
US--I1 11.17474 2.228546 5.014364 0.0000 
UK--I1 11.33827 2.376950 4.770091 0.0000 
DE--I1 9.171697 1.394975 6.574811 0.0000 
JP--I1 7.325853 0.378446 19.35770 0.0000 
KR--I1 0.883069 0.057328 15.40373 0.0000 
CN--I1 3.499724 0.475382 7.361913 0.0000 
US--I2 2.743272 0.374606 7.323084 0.0000 
UK--I2 0.998433 0.200675 4.975373 0.0000 
DE--I2 1.955396 0.129185 15.13638 0.0000 
JP--I2 -0.021979 0.084623 -0.259733 0.0953 
KR--I2 1.367125 0.138625 9.862059 0.0000 
CN--I2 4.034688 0.615426 6.555933 0.0000 
US--I3 -0.221860 0.091602 -2.421989 0.0163 
UK--I3 -0.043403 0.050904 -0.852649 0.3949 
DE--I3 -0.423077 0.042066 -10.05756 0.0000 
JP--I3 0.405122 0.035302 11.47605 0.0000 
KR--I3 -0.015878 0.100605 -0.157829 0.0747 
CN--I3 -4.257394 0.583803 -7.292519 0.0000 
Weighted Statistics 
R-squared 0.984227 Mean dependent var 15.25984 
Adjusted R-squared 0.982913 S.D. dependent var 14.01273 
S.E. of regression 1.021801 Sum squared resid 212.9918 
Durbin-Watson stat 0.914202 
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Unweighted Statistics 
R-squared 0.967403 Mean dependent var 0.735586 
Sum squared resid 1.197523 Durbin-Watson stat 0.470408 
Based on the output of regression analysis, the relationship of LCD and I1, I2, I3 are like that: it is 
obvious positive correlations between LCD and I1, I2. And there is significantly negative correlation 
between LCD and I3. In summary, the reduction of LCD can be implemented through developing tertiary 
industry. 
4.3 Granger causality test 
Since the reduction of LCD will be implemented through developing tertiary industry. In order to 
analyze the causality between LCD and tertiary industry, we will use granger causality test which was put 
forward by Granger (1969)[10] and Sims (1972). The basic hypothesis of granger causality test is that if x 
is the Granger-cause of y, the lagged variable of x will explain the lagged variable of y significantly. So 
built model as followed:  
Unconditional limit model:   
∑ ∑
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tε  is white noise time-series. α ,φ  is regression coefficient. t  is the size of sample. m , k  is lagged 
size of t
Y
, t
X
. The residual sum of squares of Eq. (2) is 1ESS  and The residual sum of squares of Eq.  (3) 
is 0ESS .
Null hypothesis is
0:0 =jH φ , alternative hypothesis is 0:1 ≠jH φ (j=1,2,……,k)。Built F-statistic 
as followed: 
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If F-statistic>the critical value of F-distribution, null hypothesis will be rejected. The result (as shown 
in table 2) is output of granger causality test. 
Table 2 the results of Granger causality test between LCD and I3 
Pairwise Granger Causality Tests
Null Hypothesis Lags Obs. F-Statistic Prob. 
 1 36   
LCD does not Granger Cause I3  0.23604 0.6303 
I3 does not Granger Cause LCD  10.4296 0.0028 
 2 35   
LCD does not Granger Cause I3   0.15024 0.8611 
I3 does not Granger Cause LCD 7.34499 0.0025 
 3 34   
LCD does not Granger Cause I3   0.56537 0.6425 
I3 does not Granger Cause LCD   5.20432 0.0058 
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 4 33   
LCD does not Granger Cause I3   0.54203 0.7064 
I3 does not Granger Cause LCD   6.26845 0.0013 
The test results show that within the 98% confidence intervals, I3 is Granger cause of LCD when the 
duration of lag is 1,2,3,4. And when the duration of lag is 1~4, LCD is not Granger cause of I3. So the 
development of tertiary industry (I3) will stimulate LCD. 
5. Conclusions 
• Through analyzing the process of LCD and industrial structure in typical countries, the trend of 
emission intensity was low-high-low, and industrial structure was upgrading from primary industry 
to second industry then to tertiary industry. Developed countries have experienced high-carbon 
industry basically. When the economy evolved to a certain extent, the base level of LCD has 
increased. In the developing countries, especially in China, the tertiary industry shares a much 
smaller part in the whole economy system comparing with that of the developed countries. 
• Based on the output of regression analysis, the appreciable correlation between LCD and industry 
structure was found. And the relationship of LCD and I1, I2, I3 are like that: it is obvious positive 
correlations between LCD and I1, I2. And there is significantly negative correlation between LCD 
and I3. In summary, the reduction of LCD can be implemented through developing tertiary 
industry. 
•  The test results show that within the 98% confidence intervals, I3 is Granger cause of LCD when 
the duration of lag is 1,2,3,4. And when the duration of lag is 1~4, LCD is not Granger cause of I3. 
So the development of tertiary industry (I3) will stimulate LCD. It suggests that the industry 
structure should be adjusted before the LCD, especially the development of tertiary industry. 
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